We collected data regarding the name and category of the journal, the publication year, the publication type, and the number of citations for further analysis. Results: A total of 475 publications affiliated with Taiwan EDs appeared in EM journals and 735 appeared in non-EM journals. A total of 389 publications in EM journals affiliated with departments other than EM. The number of publications showed an increasing trend (all p-value <0.001). The number of publications from Taiwan EDs in EM and non-EM journals changed in opposite directions since 2008. Researches from Taiwan EDs were published in 68 categories of journals in addition to EM. Publications in non-EM journals were more frequently cited than were the publications in EM journals. Conclusions: During the past 20 years, the academic contribution of EDs in Taiwan has increased substantially. The bidirectional change in publication numbers since 2008 constitutes a milestone in the development of EM in Taiwan, and improvements are evident in the quality, quantity, and breadth of research. (Hong Kong j.emerg
Introduction
The field of emergency medicine (EM) started to develop in Taiwan in the 1990s, the Taiwan Society of Emergency Medicine (TSEM) was founded in 1994, EM became the 23rd medical specialty in Taiwan in 1997, 1 and the official journal of the TSEM was first published in 1999. 2 These milestones mark the development of EM and have been used to evaluate and compare the evolution of EM in different countries. 3 The advantages of these markers are their specificity and consistency, but their disadvantages include their inability to reflect the dynamic and continuous evolution of the field following these milestones. Scientific publications can provide a dynamic source of information for the evaluation of the progress and academic contribution of medical specialties. 4 Publications in EM journals from Taiwan were evaluated in a previous study, 5 but a comprehensive evaluation of the academic contribution of Taiwan emergency departments (EDs) that included publications in journals affiliated with other specialties has been lacking. This study examined scientific publications related to EM and associated with Taiwan to evaluate the academic contribution of EM in Taiwan.
This study provided a dynamic and comprehensive perspective on the continuous evolution of EM research in Taiwan during the past two decades by analysing scientific publications with first authors affiliated with Taiwan EDs and affiliated with Taiwanese in EM journals over the past 20 years.
Methods

Study design and setting
This study used an observational design, and it qualified for a waiver from our Institutional Review Board because no human subject was involved.
Study setting and population
All publications were retrieved from the SciVerse Scopus database. The EM journals (Appendix 1) were adopted from the 2010 Journal Citation Reports (JCR) category of EM. The non-EM journals were JCR journals not classified into the JCR category of EM. The journals classified into category of EM in previous version of JCR but not in 2010 JCR were classified as non-EM journals.
Each non-EM journal's category was classified according to the classification used by the 2010 JCR. This study was conducted between 1992 and 2011.
Study protocol
All publications in EM journals originating from Taiwan and all publications in non-EM journals with first authors affiliated with Taiwan EDs were included. The place of origination of each publication was classified according to the affiliation of first author. These publications were classified into the following three groups for purposes of comparison: Group 1: publications by first authors affiliated with Taiwan EDs in EM journals. We collected data regarding publications including name and category of journal, publication year, number of citations, and publication type for purposes of further analysis.
Measurements
The primary outcome measures were: (1) The number of publications and the trends related to publications by a) first authors affiliated with Taiwan EDs in EM journals, b) first authors affiliated with Taiwan EDs in non-EM journals, and c) first authors affiliated with Taiwan but not with EDs in EM journals. (2) The number of categories and trends related to non-EM journals that published research with first authors affiliated with Taiwan EDs.
The secondary outcome measures were: (1) The distributions of the number of citations and type of publication by study group. (2) The distributions of publications by first authors affiliated with Taiwan EDs according to non-EM journal and JCR category.
Data analysis
Linear regression was used to evaluate trends related to number and category of publications. The slope (β) of the linear regression was used to represent the trend, and the 95% confidence intervals (CIs) of β were calculated. The distributions of the number of citations and types of publication were analysed using descriptive statistics. Differences between groups regarding the number of citations were analysed with the Wilcoxon rank-sum test. Differences between groups regarding publication type were analysed by chi-squared tests. All analyses were performed using the SAS statistical software version 9.2 (SAS Institute Inc., Cary, NC).
Results
A total of 2585 publications were retrieved in the initial search to identify research by first authors affiliated with Taiwan EDs. In the review process, 1166 publications were excluded because ED physicians were not the first authors, 198 publications were excluded because they were published in non-JCR journals, and 11 in-press publications were excluded. Of the remaining 1210 publications with first authors affiliated with Taiwan EDs, 475 were published in EM journals and 735 were published in non-EM journals. A total of 389 publications in EM journals had first authors affiliated with departments other than EM but located in Taiwan. The number of publications by first authors affiliated with Taiwan EDs appearing in EM journals, the number of publications by first authors affiliated with Taiwan EDs appearing in non-EM journals, the number of publications by first authors from departments other than EM in Taiwan appearing in EM journals, and the categories of non-EM journals that published research by first authors affiliated with EDs in Taiwan are presented in Figure 1 . The trends (β) in these four groups are presented in Table 1 .
The distributions of number of citations and publication type according to group are presented in Table 2 . Publications with first authors affiliated with Taiwan EDs Figure 1 . Number of publications by study group and categories of non-emergency medicine (EM) journals: 1992-2011.
ED=emergency department in non-EM journals were more frequently cited than were publications in EM journals (p=0.009). We found no differences in the number of citations of publications by first authors affiliated with Taiwan EDs and by those affiliated with other departments in Taiwanese hospitals in EM journals (p=0.664). We used a chi-squared test to evaluate the differences between groups regarding publication type. The publication types were classified into "articles" and "non-articles." The proportion of articles by first authors affiliated with Taiwan EDs in non-EM journals was higher than the number in EM journals (p=0.003). We found no significant difference between the proportion of articles by first authors affiliated from Taiwan EDs and those by first authors from other departments in Taiwanese hospitals in EM journals (p=0.635).
A total of 258 non-EM journals published 735 studies with first authors affiliated with Taiwan EDs. Journals that published at least five publications that met the study inclusion criteria are presented in Figure 2 . The Journal of Trauma-Injury, Infection and Critical Care published the highest proportions of studies, 7.2% (53/735), and 80% (588/735) of publications were concentrated in 43% (111/258) of the journals. The 258 non-EM journals were classified into 68 categories. Categories that included more than five publications that met our inclusion criteria are presented in Figure 3 . The top five categories were surgery, general and internal medicine, critical care medicine, gastroenterology & hepatology, and geriatrics & gerontology, with 155, 152, 95, 59, and 48 publications, respectively. The five leading categories (5/68, 7.4%) published 69.3% (509/735) of the publications.
Discussion
During the past 20 years, research in EM has developed rapidly compared with that in other medical specialties. 6 Taiwan is one of the most active contributors in the world to research in this field, and the rate at which publications in EM journals originating in Taiwan has increased faster than the overall EM journals publications. 5 The scientific publications appearing in EM journals reflect an aspect of the evolution of EM-related research in Taiwan. In our study, we extended the source journals to other specialties to produce a more comprehensive evaluation of the academic contribution by Taiwan EDs during the past two decades.
The numbers of publications by first authors affiliated with Taiwan EDs in EM and non-EM journals showed an increasing trend during the past 20 years. These results indicate that the academic contribution by Taiwan EDs has increased not only in relation to EM but also in relation to other fields. A closer examination of the publication data revealed a bidirectional change since 2008, as the number of publications in both EM and non-EM journals increased before 2008. After 2008, however, the number of publications in non-EM journals continued to increase, but the number in EM journals decreased ( Figure 1 ). The decrease in publications by first authors affiliated with Taiwan EDs in EM journals has been noted in a previous study, but the cause of this phenomenon was not elucidated. 5 However, our results provide a basis for an explanation. Specifically, the total number of publications by first authors affiliated with Taiwan EDs increased continuously after 2008, and the decrease in publications in EM journals resulted from a change in the distribution of publications in that the majority of EM-related publications appeared in non-EM journals. Thus, academic contributions to EM have been underestimated by studies that limit their source material to EM journals. A comprehensive evaluation of academic contributions to EM can be achieved only when non-EM journals are included in the analysis. Indeed, EM is closely related to other medical specialties, and research performed by emergency physicians may also be accepted by journals in other specialties. Additionally, research topics of importance in EM may also be important in other medical specialties (e.g., surgery, cardiology, critical care medicine, toxicology, infectious diseases, and paediatrics). When the foci and quality of studies performed by emergency physicians are recognised by medical specialties beyond EM, the results will be accepted by and published in non-EM journals. Thus, the bidirectional change in 2008 represents a milestone in the development of EM research in Taiwan.
We used the number of citations as an indicator of the quality of a publication, its influence on other studies, or the popularity of a research topic. 7 Publications by first authors affiliated with Taiwan EDs in non-EM journals were cited more frequently than were those in EM journals. This difference may result from a difference in the journal/category in which publications appeared or in the quality and influence of publications themselves. The first possibility rests on the fact that the aggregate category impact (calculated by the JCR since 2003 and defined as the number of citations during a certain year of all articles in a category published in the previous 2 years [the numerator], divided by the number of articles published in that category in the previous 2 years [the denominator]) of 12 medical specialties were higher than that of EM. 6 However, the citations of publications within one category formed a skewed distribution. 8 The fact that the aggregate category impact factor of one category was higher than that of others does not necessarily indicate that each publication in that category was cited more frequently than was every publication in other categories. 9 The number of citations of an article is determined by the quality and influence of the article rather than by the journal in which it is published or the category into which it has been classified. The fact that a greater number of publications by first authors affiliated with Taiwan EDs were published in non-EM than in EM journals reflects an improvement not only in quantity but also in quality.
The analysis of publications by first authors affiliated with Taiwan EDs in non-EM journals by category showed an increase from 2 in 1992 to 42 in 2011. This indicates that researchers affiliated with Taiwan EDs' have been increasingly accepted by a variety of medical specialties during the past 20 years. The developmental course of research originating in Taiwan EDs in non-EM journals reflects increases not only in quantity and quality but also in breadth.
Just as EM-related research may be published in non-EM journals, research regarding other medical specialties may also be published in EM journals. Publications by first authors from Taiwan but from departments other than EM in EM journals may reflect the contribution to EM by other medical specialties in Taiwan. We observed a positive trend in the number of publications originating in Taiwan from departments other than EM. These results indicate that both emergency physicians and those practicing other medical specialties in Taiwan actively participated in EM-related research and contributed substantially to the global evolution in research in this domain.
Limitations
This study had two limitations. First, contributions by co-authors were not evaluated because we were unable to weight, compare, and add such contributions to those made by first authors given that authorship is ranked on an ordinal scale according to relative contribution. Second, the quality and influence of studies were estimated by number of citations rather than by a critical appraisal of each publication. This approach may have underestimated the quality and influence of recent publications due to the time gap between time of publication and ability to cite. The number of citations may have also underestimated the quality of research as research in areas of rapid innovation and in domains that have not yet been recognised by other researchers is less likely to be cited.
